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ALV AEL

Solvation model for inner-sphere nuclear reorganization in the photoionization
of univalent anions in solution

PAUL DELAHAY* and ANDREW DZIEDZICY

Department of Chemistry, New York University, New York, NY 10003, USA

*The Perkin-Elmer Corp., 50 Danbury Road, Wilton, Conn. 06897, USA

MS received

63535353: The energy of inner-sphere reorganization for the
photoionization of univalent anions in aqueous solution is calculated from
a discrete model of solvation. A multipole expansion is used to account
for electrostatic interactions, and only the terms corresponding to
nuclear motion are retained in the expansion to the exclusion of induced
moments. London dispersion, Born repulsion, cavity formation and hydrogen
bonding are also taken into account. The theory is applied to eight
inoraganic anions. Calculated reorganization energies are compared to
experimental values deduced from threshold energies for photoelectron
emission by aqueous solutions of eight anions in the 6 to 11 eV range of
photon energies. Standard reduction potentials for the corresponding

radical-anion couples are calculated from threshold energies and

theoretical reorganization energies.

Keywords. Anion, electron transfer, inner sphere, nuclear reorganization,
A e N N A o

cuter sphere, photoelectron emission, radical, solvation, threshold energy.
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l; Introduction
It is a pleasure to dedicate this paper to our distinguished colleague, K. S.
G. Doss, on the occasion of his eightieth birthday and as a tribute to his
contributions to science and to electrochemistry in particular. The recently
developed theory of inner-sphere reorganization (Delahay and Dziedzic 1986a)
will be applied to the photoionization of eight inorganic univalent anions not
previously considered. The results will be used in the calculation of the
standard reduction potentials for radical-anion couples in solution. A brief
introduction to photoelectron spectroscopy of aqueous solutions will be given
first. Further details on this method can be found in an extensive review

(Delahay 1984).

3; Photoelectron spectroscopy waﬁﬂﬂffﬁfiﬁﬂiuﬂibﬂﬁi
Optical electron transfer can be investigated by measuring the current for
photoelectron emission by aqueous solutions (salts, molecules) as a function
of the photon energy E (6 to 11 eV). The current is measured by collecting
electrons by means of an electrode in the gas phase above the liquid. A
rotating disk target (figqure 1) is used for continuous renewal of the
irradiated surface of the solution. The yield is calcuiated as the number of
collected electrons per incident photon, and results are displayed as a plot
of the yield Y as a function of photon energy E (figure 2, curve A).

Theory (Brodsky and Tsarevsky 1976; Brodsky 1980) predicts and experiment
1/2

confirms that plots of Y against £ are linear and extrapolate to the

threshold energy Et (figure 2, line B). The exponent 1/2 of the yield Y
cenerally holds at photon energies exceeding the threshold energy by a few

tenths of electronvolt (Brodsky 1980). Plots of Yl/2 against E exhibit a

fine structure consisting of "wiggles." This fine structure, which is




primarily determined by the nature of the solvent, results from a

nonequilibrium electronic contribution to the energetics of photoionization on
account of dielectric dispersion (Delahay and Dziedzic 1986b). The effect of
this contribution in general averages out over the usual extrapolation range 7/
to 10 eV for aqueous solutions and represents a rather negligible (< 0.1 eV)
error on threshold energies obtained by extrapolation from plots of Yll2
against E. This effect therefore is neglected in the following treatment.
However, in the case of nonaqueous solvents the dispersion contribution may
not be negligible and must be considered.

Threshold energies of some common inorganic anions in aqueous solution are
listed in table 1. ATl these values are below the threshold energy of liguid
water, Et = 10.06 eV, except for fluoride ion. The value Et = 10.6 eV for
this anion was recently determined by subtracting at each photon energy the
emission yield for water from the total yield measured for a 5 M potassium
fluoride solution (Delahay and Dziedzic 1986a). A platinum rotating disk and
a plastic-lined cell were used to avoid spurious emission resulting from
leaching of glass under the action of fluoride solution.

3. Energetics_ of photo1on1zatlon in aqueous solution
VNS~
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3.1 Threshold energy

The following basic equation for the threshold energy Et for photoionization
emission by anions in aqueous solution is derived from a thermodynamic cycle
and consideration of nuclear reorganization (von Burg and Delahay 1981;
Delahay 1984):

By = 26y + a6 + P +]ejox (1)

where the fiee enerqies AGH (= 4.42 eV) and &G pertain, respectively, to the

reactions
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1/2H,(g) = H'(aq) + () (2)
A7(aq) * H'(aq) = A(aq) + 1/2H,(g); (3)

R is the free energy for nuclear reorganization of the product of
photoionization; and A}.is the difference between the surface potentials of
the solution of A"(aq) and water. The last term in (1) is generally very
small (< 0.05 eV) and can be neglected. The contribution to Et from
nonequilibrium electronic polarization arising from dielectric dispersion is
not included in (1) because it is generally negligible as noted in section 2.
The threshold energy Et is equated in (1) to the free energy for electron
emission. Equation (1) will be applied in section 6.

The threshold energy Et is also related to the electron affinity EA of
the atom or radical A(g) by the following equation derived from a
thermodynamic cycle (Delahay 1982):

Etf:’,EA+AGn+AGS+R (4)
where AGn and AGS are the solvation free energies of the species A(g) and
A"{g), respectively. Equation (4) is approximate because the electron
affinity is an enthalpy and the equation should be written in terms of
enthalpies rather than free energies. The error can be significant (e.g., 0.5
eV) if the entropy contribution to AGS is important. Equation (4) will be
applied in section 6.

Equations (1) and (4) give the threshold energy Et for emission of
electrons into the gas phase above the aqueous solution of A (ag). The free

eneray for production of quasifree electrons in the bulk of liquid water by

photoionization of species A™(aq) is given by Et - Vo’ where V0 is the
difference between th2 electron vacuum level and the bottom of the conduction

band of liquid water. One has Vo ~ 1.2 eV (Gurevich et al 1980) and

consequently photoionization of a species in aqueous solution begins to occur
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in aqueous solution at photon energies lower by ca. 1.2 eV than the threshold
energy for emission into the gas phase by this species.

3.2 Free energy of nuclear reorganization

Photoionization of A (aq) produces the species denoted by A(ag)* which
initially has the solvation configuration of the ion A (ag). Subsequent

nuclear reorganization of this nonequilibrium solvation configuration yields

the atom or radical A(aq) having its equilibrium solvation configuration. The
free energy for the spontaneous nuclear reorganization of the solvent about
the photoionization product in the process A(ag)* » A{ag) is -R, where R is
taken to be a positive quantity. Additionally, a significant contribution
from vibrational relaxation of A(ag)* may also be included in this term.

Two regions are distinguished about the ion being photoionized: (i) the
inner-sphere region comprising the first layer of solvent molecules around the
central ion, and (1i) the outer-sphere region heyond the inner-sphere region
generally treated as a continuous medium. The boundary between these two
regions 1s taken to be a sphere of radius

&g =r_*Ir (5)
where re and r, are the crystallographic raagii of the ion and the solvent,
respactively (rw = 1.3¢ ! for water). Furthermore, nuclear motion is
supposed tc be urccorrelated between the inrer- and outer-sphere regions, and
consequently one writes

Fo= P ot (6)

where I an ROUT pertain to the inner- and outer-sphere regions,

L&

respectively.

The value of ROUT was calculated first by Marcus (19%a, 1956b) who

gevelore the required theory of nonecuilibriur polarization of a continuous

reciun . Thus,
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| QOUT = (EOD - € Je [2a (7)
where €op and €, are the optical and dielectric constants of the sclvent,

respectively, e is the electronic charge, and a is given by (5). The free
enery ROUT is determined by the change of ionic valence caused by
photoionization rather than by the absolute values of the species involved in
the photoionization process. Equation (7) shows that the free energy ROUT
is the difference between the free energies of electronic and total

polarization of the continuous medium. Thus, is the change in the free

Rout
energy of orientation polarization of the medium resulting from the change of
ionic valence upon photoionization.

The inner-sphere reorganization energy was calculated initially for
thermal electron exchange between cations from a harmonic oscillator model of
bond stretching (George and Griffith 1959). A transition state was assumed
and the corresponding generalized coordinate was obtained by minimizing the
energy of activation. This approach is not applicable directly to
photoionization because no transition state is formed prior to optical
electron transfer and there is reorganization about only one species, e.g.,
the ferric ion produced by photoionization of a ferrous ion. Conversely,
there is reorganization about two species in thermal electron exchange, e.g.,
about the ferrous and ferric ions between which an electron is exchanged. The
enerqgy of inner-sphere reorganization UIN for the photoionization of cations
was calculated by Delahay and Dziedzic (1984b) for the harmonic oscillator
model, and the resulting values agreed with experiment for hydrated transition

metal cations and metal complexes. This matter will not be discussed further

since inner-sphere reorganization about anions is treated by using a different

model in the next section.
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The close relationship between solvation in the Born model and outer-sphere
reorganization can be extended to inner-sphere reorganization in the
photoionization of univalent anions (Delahay and Dziedzic 1984a). This

K relationship was fully developed recently (Delahay and Dziedzic 1986a). Thus,
solvation of A"(g) can be regarded as the formation of a cavity of radius
r in the solvent and the orientation of Ni solvent molecules in the
inner-sphere region of A (ag). Conversely, photoelectron emission by a

- solution of A"(aq) entails the removal of the charge e (g) and a change of

- the cavity radius from r to the value re

. produced. Nuclear reorganization of the inner-sphere shell changes the

for the radical or atom thus

solvent configuration arourd the species produced by photoionization. The
number of surrounding solvent molecules may also change from Ni to Nf.

The energy UIN for inner-sphere reorganization therefore is

Upy = Uf(nuc1) - Ui(nucl) (8)

IN
k where Uf(nucl) and U](nucl) represent, respectively, the terms in the
equations for tne hydration energies of A(aq) and A (aq) which correspond

only to nuclear motion in the hydration of these species. The energy

Uf(nuc1) in (8) is the nuclear contribution to the solvation energy of the
N species A{aq) surrounded by the equilibrium inner-sphere shell of solvent.
The energy U1(nucl) in (8) is the nuclear contribution from the species

. A(ag)* surrounded by the ncnequilibrium inner-sphere solvent shell of the ion

X A7 (aq).

The terms in the enerqies Uf(nucl) and U](nuc1) in (8) and taken from
a fairly standard model of ionic solvation involving a multipole expansion of
the icnic field (<f., e.g., Morf and Simon 1971). The model is modified to

. take inte account the different orientations of water molecules around cations




and anions. One has (Delahay and Dziedzic 1986a)
Uy = - U'(ep) - U'(eq) - U'(pp) - U'(pq) - U'(qq)
aU + AUv + AU (9)

+ al

R +
disp rep c

where the first five terms on the right hand side represent interaction
energies involving the change (e) of ionic charge upon photoionization,
solvent permanent dipoles (p) and quadrupoles (q). Each of the last four
sU-terms are equal to the difference Uf - Ui for the following processes:

Audisp for London water-water dispersion; AUrep for Born water-water

repulsion; AUV for the volume change of the solvent upon solvation; AUC
for cavity formation and the breaking up of the solvent structure in the
solvation process. Explicit forms of tne terms in (9) are given by Delahay

and Dziedzic (1986a).

o~ T . T

. o - | . |

The contributions to the inner-sphere reorganization energies U are listed

IN

in table 2 for various inorganic anions not considered previously by Delahay
and Dziedzic (19686a). The thermochemical radii (table 3) were used for all

the anions except for C]Oi and NS for which Pauling radii were available.

The following assumptions were made in the calculation: (i) The radii r; and
re of the anion and radical, respectively, were assumed to be equal. This

assumption affects only the calculation of aU and AUrep in (9). The

disp

former is nealiqible even for very different values of rooand r (Delahav

f’

and Dziedzic 1976a) and the latter is not sensitive to the choice of radii.

(ii) The valucs Ni = 6 and Nf = 4 were adopted. This choice 1< fully
Justatied, for instance, for the halide ions (Delahay anc Driecsic 16583, ans
it appears reasonable for the anions of table 2. (1110 “he water Lvoiertatt

was assumed in which the field vector of the necative roirt cvovoe o sbe 3 ooy
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and the dipole moment of water make a 57.23° angle. This orientation is
justified for the halides (Delahay and Dziedzic 1986a) and it should also
prevail for other anions. (iv) The electrical field of the anions was assumed
to have spherical symmetry. This approximation seems justified for C]Oi,

| for instance, but is more tentative for a V-shaped ion like NOE or a

linear ion such as CNS™, for example. (v) Vibrational contribution to

vi reorganization was neglected. This assumption is justified for NOE
ﬂ (Warnek 1969) and NS (Jackson et al 1981), for instance, but an additional
vibrational contribution to UIN of a few tenths of an electronvolt cannot be

ruled out for some of the anions.

One has

xi___( -

Lv - Wint me)/Bc (10)
where Vint and vpm are the intrinsic and partial molar volumes of the

anion, respectively, and B is the compressibility of water. The negative

sign on the riaht hand side of (10) arises because the solvent is subject to

)
]

electrostriction prior to nuclear reorganization. This choice of sian is

DENNORND

consistent with the convention of assigning a positive siagn to R since -R is
the change of free energy for the spontaneous process A{ag)* » A(ag). Removal
- of electrostriction around A{ag)* is also spontaneous and therefore the quantity
S Uj - v (11)
in (9) is taken as positive (just as R). The eneragy Ui in (11) is assumed
to be equal to zerc for the neutral species A{aq). The required volures were
taker from tables (Akitt 1980, Y Marcus 1977, Padova 1964).
The terr LUC in {9) was obtained by noting that sclvation of the radical

Ala) involves only the rotation of two of the four water molecules surrounding

Flac) without a net charnge of the number of hydroaen bonds and with

conserveation of tetrabedral syrvetry {(Delahay and Dzieczic 1986a) feor the value
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Ne = 4, Conversely, the substitution of A(aq) by the ion A (aq) involves a
change from tetrahedral to octahedral symmetry on the assumption that Ni =
6. This process involves the breaking of a bond. The reverse process
therefore involves the net formation of a hydrogen bond and consequently AUC
= -0.27 eV (Morf and Simon 1971).
It is seen from table 2 that the terms -Ui(ep) and —Ui(eq) in (9) are

dominant in determining the energy U Thus, the energy U is determined

IN® IN
primarily by the charge-dipole and charge-quadrupole interactions. Next in

importance come the contributions AUc for hydrogen bonding, —U](pp) for

dipole-dipole interaction, and AUrep for Born repulsion. The term AUdisp

of (9) is equal to zero since the radii r and r, were assumed to be

f

equal. In any case, al is negligible (~ 0.01 eV) even when rs and r

disp f

are significantly different (e.q., for photoionization of halide ions).

The charge-dipole energy Ui(ep) is inversely proportional to the square
of the cavity radius ris that is, to the sum of the ionic radius and the
crystallographic radius of water (1.38 R). Likewise, the charge-quacrupole
interaction energy is inversely proportional to r?. Since —Ui(ep) and
-Ui(eq) are the dominant terms in (9), one can expect a monotonic decrease of
UIN with increasing ionic radius. The following sequences hold for the data
of tables 2 and 3:

C]OZ < NO, < N, < SCN™ < NO

2
ClO; > SCN™ >

3 < C]O3 < HCO3 < Br03 (for UIN)
N > C107 > HCOS N

> NO, > NO 3

3 2 > Br0

w | W

3

(for thermochemical radii)
5
inversion is minor, and may arise from the neglect of the unavailable value of

The expected trend is essentially observed except for NO The N§/SCN—

AUV in the calculation of UIN for Ng. The exception for NOE arises

from the abnormally large thermocherical radius of this ion. Evidence from
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5 18 smaller than NO3

whereas the opposite conclusion follows from the radii of table 2. The term AUv

lyotropic numbers (Morris 1958) suggests that NO

2
other anions in table 2. The NOE jon is V-shaped, the ONO angle being 115°

= -0.23 eV for NO, is also abnormal in comparison with the AUV'S for the

(Cotton and Wilkinson 1980), and this pronounced departure from the spherical

symmetry inherent to a point-charge model may account for the abnormal results

for N02. Further comments on NOE are made in sec. 6.

6. Comparison of experimental free energies RI with theoretical energies
I PR ¥ o U U N e g PR B g e N W

N
Y1y

b oVl

Good agreement was obtained by Delahay and Dziedzic (1986a) betw~een the

theoretical values of U,, and experimental values of R, for the halide

IN
and hydroxide ions. The R

IN

IN—va]ues were computed from eqs. (1), (6) and

(7). Three additional experimental values of RIN will be calculated for

NO3 and N3.

The values RIN = 1.27 and 0.85 eV for NOE and NOE, respectively,

N02,

were calculated from eq. (1) for E, = 7.6 and 8.5 eV (table 1), aG = 1.0 and

2.3 eV (Berdnikov and Bazhin 1970), and R = 0.85 and 0.87 eV (from (7)

OuT
for the thermochemical radii of table 3). The free energy 4G for the

NS/N3 couple is not available, and R., was obtained from (4). The

IN
value a6 = 0.15 eV was taken by analogy with solvation of other radicals.

The value AGS = -2.92 eV was computed from the solvation enthalpy -3.09 eV
of Ng (Halliwell and Nyburg 1963) and the entropy correction of 0.17 eV

calculated from data in Friedman and Krishnan (1973). Furthermore, one has

By = 7.4 ev (table 1) for N3, FA = 2.70 eV (Jackson et al 1981), Rout

= 0.82 eV for r_ = 2.04 R (Conway 1981), and consequently R, = 0.81 eV

IN
from (4). The N-N distances in Ng(g) and N3(g) are the same within
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0.006 A and the NNN angle is the same according to Jackson et al (1981). The
vibrational contribution to RIN therefore should be minor,

1 Values of RIN thus obtained are listed in table 4. These free energies

! RIN calculated from threshold energies by means of (1) are essentially

experimental quantities since only model considerations enter in the

N calculation of ROUT and the contribution of this term is not sensitive to
- re (ROUT = 0.96 eV for F~ vs. ROUT = 0.80 for I ?. Furthermore, the
continuous medium model used in calculating ROUT is fully satisfactory for
r, the outer-sphere region. Values of RIN and UIN in table 4 agree very well
within the error of ca. 0.1 eV on R,, except for NO,.

IN 2
~ RIN arises from the uncertainty in the extrapolation procedure used to

The error on

obtain threshold energies and the error on the free energy aG appearing in
(1). The entropy contribution to RIN is probably within the error on this
L quantity. The theory should hold best for anions such as the halide ions

which exhibit spherical symmetry, but the agreement between RIN and U, 1is

IN

also good for ions not satisfying conditions, i.e., OH  (linear), Ng

(linear) and NOS with D3h—symmetry (Cotton and Wilkinson 1980).

The decrease of UIN with increasing ionic radius discussed in sec. 5 is

confirmed for RIN except for NOE. The following sequences prevail:

I7 < N; < Br™ < NOE < C1” < NOE < OH < F (for RIN)

> NOE > Br™ > NOS >C1” > 0H > F (for thermochemical radii)

I >N

w il W

The values of RIN for OH™, NOE and C1~ in table 4 indicate that either
the ionic radius of NOE is comprised between the radii of OH™ and C1~

and/or that the point-charge model is inadequate for this V-shaped ion

(section 5).

.
1Y DI
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\Z: Calculation of the free energy charge aG for r@dﬁca]-éﬂiPP_COHR]?iv
Values of aG computed from (1) and the threshold energies of table 1 are
listed in table 5. The values of UIN of table 2 were used instead of RIN

and the free energies R were computed from (7). The free energies 4G in

oLt
table 5 show that the radicals produéed by photoionization of anions in
aqueous solution are generally powerful oxidizing agents. Thus, the values aG
= 2.7 eV for C104(aq)/C105(aq) and aG = 2.6 eV for HC03(aq)/HC0§(aq)

may be compared with a6 = 2.55 eV for C1 {aq)/C1(ag). The value aG = 2.2 eV
for NOE(aq)/NO3(aq) agrees very well with the value 2.3%#0.1 eV given by
Berdnikov and Bazhin (1970). This is to be expected in view of the agreement

between R and U,, for NO, in table 4.

IN IN 3

Cpqq]u;iqn

The s>lvation model of inner-sphere nuclear reorganization yields results in
agreement with experiment in the photoionization of univalent anions in
aqueous solution. The development of the present theory shows how a central
theme of electrochemistry, namely ionic solvation, could be transposed to the
study of nuclear reorganization in the photoionization in solution.
Furthermore, application of the solvation model to photoionization allows the
calculation of the free energy change aG characterizing the energetics of

anion/radical couples in aqueous solution.
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Table 1. Experimental threshold energies (eV) of anions in aqueous solution*

OH™ (8.6)

F~ (10.6), C1~ (8.9), Br~ (8.15), I (7.4)

€105 (8.2), Bro3 (7.9), 105 (7.4) :
€10, (8.5) )
NO, (7.6), NOS (8.5), N3 (7.4)

Hcog (9.1), SCN™ (7.2) N

*From Delahay and Dziedzic 1984a; Nelahay and Dziedzic 1986a.
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Pauling and thermochemical radii*

Anions Pauling Thermochemical

radius radius

(R) (R)

*Pauling radii as aiven by Halliwell and MNyburg (1963); thermochemical radii

accordinag to Jenkins and Thakur (1979).




Table 4. Experimental free energies R

. . .
. IN versus theoretical energies UIN
Anions RIN UIN
A (ev) (eV)
‘. OH™ 1.38 1.24
" F- 1.56 1.42
c1 1.00 0.94
\ Br~ 0.83 0.84
l'
g - 0.72 0.71
2 NOE . 1.27 0.61
NOE 0.85 0.95
: N3 0.81 0.79
*Results for the halide and hydroxide ions from Delahay and Dziedzic (1986a).
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) Table 5. Change of free energy aG for reaction (1) for various anion-radical
* couples in aqueous saolution*
Y
‘ Anion Ft RIN ROUT 86
) (eV) (eV) (eV) (eV)
4 c107 8.2 0.99 0.89 1.8
g 3
. Brog 7.9 1.22 0.92 1.3
: C10; 8.5 0.59 0.76 2.7
4‘ NOS 8.5 0.95 0.87 2.2
Ng 7.4 - 0.79 0.82 1.3
Hcog 9.1 1.07 0.92 2.6
SCN™ 7.2 0.86 0.81 1.1
*F . .
: E,-values from table 1; Ryy from table 2; Ryt computed from (7) for
; the thermochemical radii of table 3 except for ClO; and Ng (Pauling

radiil.,
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List of Captions

Figure 1. Schematic diagram of instrument for the determination of emission

b spectra (Delahay 1982).

v

.I

4 Figure 2. Photoelectron emission spectrum of liquid water at 1.5°C consisting

Ei

3 of the plot of the yield Y against the photon energy E (curve A). Plot of
vl/2 against £ (line B). Extrapolated threshold energy Et = 10.06 eV

- (Delahay and von Burg 1981).

"

o

o

o

[ NP IV QI




'1
[
L]

A

L. -

3 ELECTRONICS
! COMPUTER
> DISPLAY
i oV +10V
- o
- % O
3 COLLECTOR B K
ELECTRODE L 2
LiF - Q
O L
/ s
2L S
ROTATING f i g
QUARTZ é L 3
DISK ZBH: S
A 1mm GAP
[ Z8
2
2|
o= =
Gt ~ )
""" Z
Z
SOLUTION  E

-

FIG. 1

- - Al at et ol aat Al Sl Seul A St -
-p > ™ i tud L 22 a s o e A A s Sad tak ATl Rt dind Auidedh Sl Sl T = - -~
e e b i e B as St v A e A S el




0.2

0.1

YIELD (103 electron/incident photon)

YO (arbitrary units)

e '/.'
: 4‘,:‘ -0
A Ve
«— S
/or
’,,.‘-....«V"'"
eve ‘.'.'.,....Tvc l
10 10.5
PHOTON ENERGY (eV)
FIG. 2




PSS ITFI

- el e ERE AL L ™

0L/413/83/01
GEN/413-2

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.

Copies

Office of Naval Research
Attn: Code 413

800 N. Quincy Street
Arlington, Virginia 22217

Dr. Bernard Douda

Naval Weapons Support Center
Code 5042

Crane, Indiana 47522

Commander, Naval Air Systems
Command

Attn: Code 310C (H. Rosenwasser)

Washington, D.C. 20360

Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hueneme, California 93401

Defense Technical Information Center
Building &, Cameron Station
Alexandria, Virginia 22314

DTNSRDC

Attn: Dr. G. Bosmajian
Applied Chemistry Division
Annapolis, Maryland 21401

Dr. William Tolles
Superintendent

Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

2

—

12

Dr. David Young

Code 334

NORDA

NSTL, Mississippi 39529

Naval Weapons Center

Attn: Dr. Ron Atkins
Chemistry Division

China Lake, California 9355

Scientific Advisor

5

Commandant of the Marine Corps

Code RD-1
Washington, D.C. 20380

U.S. Army Research Office
Attn: CRD-AA-IP
P.0. Box 12211

No.

Copies

—t

Research Trmangle Park, NC 27709

Mr. John Boyle

Materials Branch

Naval Ship Ergineering Cente
Philadelphia, Pennsvlvania

Naval Ocean Systems Center
Attn: Dr. S. Yamamoto
Marine Sciences Division

San Diego, California 91232

r
19112




0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Or. Paul Delahay —
Department hemistry
New York-Yniversity

Ney ¥ork, New York' 10003

Dr. P. J. Hendra
Department of Chemistry
University of Southampton
Southampton SQ9 5NH
United Kingdom

Dr. J. Driscoll

Lockheed Palo Alto Research
Laboratory

3251 Hanover Street

Palo Alto, California 94304

Dr. D. N. Bennion

Department of Chemical Engineering
Brigham Young University

Provo, Utah 84602

Dr. R. A. Marcus

Department of Chemistry

California Institute of Technology
Pasadena, California 91125

Or. J. J. Auborn
Bell Laboratories
Murray Hill, New Jersey 07974

Dr. Joseph Singer, Code 302-1
NASA-Lewis

21000 Brookpark Road
Cleveland, Ohio 44135

Or. P. P. Schmidt
Department of Chemistry
Oakland University
Rochester, Michigan 48063

Dr. Manfred Breiter

Institut fur Technische Elektrochemie
Technischen Universitat Wien

9 Getreidemarkt, 1160 Wien

AUSTRIA

Dr. E. Yeager

Department of Chemistry

Case Western Reserve University
Cleveland, Ohio 44106

Dr. C. E. Mueller

The Electrochemistry Branch
Naval Surface Weapons Center
White OQak Laboratory

Silver Spring, Maryland 20910

Dr. Sam Perone
Chemistry & Materials
Science Department
Lawrence Livermore National Laboratory
Livermore, California 94550

Dr. Royce W. Murray

Department of Chemistry

University of North Carolina
Chapel Hil11, North Carolina 27514

Dr. B. Brummer

EIC Incorporated

111 Downey Street

Norwood, Massachusetts 02062

Dr, Adam Heller
Bell Laboratories
Murray Hill, New Jersey 07974

Dr. A. B. Ellis

Chemistry Department
University of Wisconsin
Madison, Wisconsin 53706

Library
Duracell, Inc.
Burlington, Massachusetts 01803

Electrochimica Corporation
20 Kelly Court
Menlo Park, California 94025-1418




xR

e

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. M. Wrighton
Chemistry Department
Massachusetts Institute
of Technology
Cambridge, Massachusetts 02139

Dr. B. Stanley Pons
Department of Chemistry
University of Utah

Salt Lake City, Utah 84112

Donald E. Mains

Naval Weapons Support Center
Electrochemical Power Sources Division
Crane, Indiana 47522

S. Ruby

DOE (STOR)

Room 5£036 Forrestal Blidg., CE-14
Washington, D.C. 20595

Dr. A. J. Bard
Department of Chemistry
University of Texas
Austin, Texas 78712

Dr. Janet Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. Donald W. Ernst

Naval Surface Weapons Center
Code R-33

White Qak Laboratory

Silver Spring, Maryland 20910

Mr. James R. Moden

Naval Underwater Systems Center
Code 3632

Newport, Rhode Island 02840

Dr. Bernard Spielvogel

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, NC 27709

Dr. Aaron Fletcher

Naval Weapons Center

Code 3852

China Lake, California 93555

Dr. M. M, Nicholson
Electronics Research Center
Rockwell International

3370 Miraloma Avenue
Amaheim, California

Dr. Michael J. Weaver
Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Dr. R. David Rauh

EIC Laboratories, Inc.

111 Downey Street’

Norwood, Massachusetts 02062

Or. Aaron Wold

Department of Chemistry

Brown University

Providence, Rhode Island 02192

Dr. Martin Fleischmann
Department of Chemistry
University of Southampton
Southampton SOS 5NH ENGLAND

Dr. R. A, Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. John Wilkes

Air Force Office of Scientific
Research

Bolling AFB

Washington, D.C. 20332

Dr. R. Nowak

Naval Research Laboratory
Code 6171

Washington, D.C. 20375

Dr. D. F. Shriver
Department of Chemistry
Northwestern University
Evanston, I11inois 60201




efs st 0 )

-

A

K N D S P

I h ‘e B b YL 4 ) 0]

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. Hector D. Abruna
Department of Chemistry
Cornell University
Ithaca, New York 14853

Dr. A. B. P. Lever
Chemistry Department

York University
Downsview, Ontario M3J1P3

Dr. Stanislaw Szpak

Naval Ocean Systems Center
Code 633, Bayside

San Diego, California 95152

Dr. Gregory Farrington

Department of Materials Science
and Engineering

University of Pennsylvania

Philadelphia, Pennsylvania 19104

M. L. Robertson
Manager, Electrochemical

and Power Sources Division
Naval Weapons Support Center
Crane, Indiana 47522

Or. T. Marks

Department of Chemistry
Northwestern University
Evanston, I1linois 60201

Dr. Micha Tomkiewicz
Department of Physics
Brooklyn College
Brooklyn, New York 11210

Dr. Lesser Blum

Department of Physics
University of Puerto Rico

Rio Piedras, Puerto Rico 00931

Or. Joseph Gordon, II

IBM Corporation

5600 Cottle Road

San Jose, California 95193

Dr. Nathan Lewis

Department of Chemistry
Stanford University
Stanford, California 94305

Dr. D. H. Whitmore

Department of Materials Science
Northwestern University
Evanston, I1linois 60201

Dr. Alan Bewick

Department of Chemistry

The University of Southampton
Southampton, S09 S5NH ENGLAND

Dr. E. Anderson

NAVSEA-56Z33 NC #4

2541 Jefferson Davis Highway
Arlington, Virginia 20362

Dr. Bruce Dunn

Department of Engineering &
Applied Science

University of California

Los Angeles, California 90024

Dr. Elton Cairns

Erergy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Dr. Richard Pollard

Department of Chemical Engineering
University of Houston

Houston, Texas 77004

Dr. M. Philpott
IBM Corporation
5600 Cottle Road
San Jose, California 95193

Dr. Donald Sandstrom
Boeing Aerospace Co.

P.0. Box 3999

Seattle, Washington 98124

Dr. Carl Kannewurf

Department of Electrical Engineering
and Canputer Science

Northwestern University

Evanston, I11inois 60201

Dr. Joel Harris

Department of Chemistry

University of Utah

Salt Lake City, Utah 84112 -




= -‘:
)‘!"'l'
o o

o el RS )RR A e s

...........

....................

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. Robert Somoano
Jet Propulsion Laboratory

California Institute of Technology

Pasadena, California 91103

Dr. Johann A. Joebstl

USA Mobility Equipment R&D Command

DRDME-EC
Fort Belvoir, Virginia 22060

DOr. Judith H. Ambrus
NASA Headquarters

M.S. RTS-6

Washington, D.C. 20546

Dr. Albert R. Landgrebe

U.S. Department of Energy
M.S. 6B025 Forrestal Building
Washington, D.C. 20595

Or. J. J. Brophy
Department of Physics
University of Utah

Salt Lake City, Utah 84112

Dr. Charles Martin
Department of Chemistry

Texas A&M University

College Station, Texas 77843

Dr. H. Tachikawa
Department of Chemistry
Jackson State University
Jackson, Mississippi 39217

Dr. Theodore Beck

Electrochemical Technology Corp.

3935 Leary Way N.W.
Seattle, Washington 98107

Dr. Farrell Lytle

Boeing Engineering and
Construction Engineers

P.0. Box 3707

Seattle, Washington 98124

Dr. Robert Gotscholl

U.S. Department of Energy
MS G-226

Washington, 0.C. 20545

Dr. Edward Fletcher

Department of Mechanical Engineering
University of Minnesota

Minneapolis, Minnesota 55455

Or. John Fontanella
Department of Physics

U.S. Naval Academy
Annapolis, Maryland 21402

Dr. Martha Greenblatt

Department of Chemistry

Rut gers University

New Brunswick, New Jersey 08903

Dr. John Wasson

Syntheco, Inc.

Rte 6 - Industrial Pike Road
Gastonia, North Carolina 28052

Dr. Walter Roth

Department of Physics

State University of New York
Albany, New York 12222

Dr. Anthony Sammells

Eltron Research Inc.

4260 Westbrook Drive, Suite 111
Aurora, I1linois 60505

Dr. C. A. Angell

Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Dr. Thomas Davis

Polymer Science and Standards
Division

National Bureau of Standards

Washington, D.C. 20234

Ms. Wendy Parkhurst

Naval Surface Weapons Center R-33
R-33

Silver Spring, Maryland 20910

WRNTTFeET PIW T TR TNV ITEONTS TR RS




faf af o AN Pordr o PPl o SRR .

DL/413/83/01
359/413-2
ABSTRACTS DISTRIBUTION LIST, 359/627
Or. John Ow:n Dr. 0. Stafsudd
Department of Chemistry and Department of Electrical Engineering
Applied Chemistry University of California
University of Salford Los Angeles, California 90024
Salford M5 4WT ENGLAND
Dr. Boone Owens Dr. S. G. Greenbaum
Department of Chemical Engineering Department of Physics
and Materials Science Hunter College of CUNY
University of Minnesota New York, New York 10021
Minneapolis, Minnesota 55455
Dr. J. 0. Thomas Dr. Menahem Anderman
University of Uppsala W.R. Grace & Co.
Institute of Chemistry Columbia, Maryland 20144
Box 531

S-751 21 Uppsala, Sweden

..............

e ] -
Iy Ty s




TR,

A A M A A

?@
L)
O >

r\‘ ‘

-
.

4

+
‘Q - K LAFL LD . o . a®, 2t e . - . - . ‘- - . -
m MAE IL A SV SRS VAT VR U NP PRSI L S I, o PSR RS




